This retrospective hospital-based study was conducted to evaluate the various risk factors associated with dengue shock syndrome (DSS) in patients ( 18 years of age) of dengue hemorrhagic fever (DHF). Medical records of these 483 patients with DHF (IgM serology positive) were analyzed with reference to shock for various clinical and biochemical parameters. Of the 483 children, 405 were categorized in DHF group (grade I, 282 children; grade II, 123 children) and 78 in DSS group (grade III, 59 children; grade IV, 19 children). Using univariate and multivariate logistic regression and p-value of <0.05 as significant, the presence of spontaneous bleeding, hepatomegaly, signs of capillary leakage like ascitis and pleural effusion, leucopenia <4000 mm 3 and age >5 years were found out to be significant risk factors of shock in pediatrics patients of DHF.
Introduction
Dengue, caused by ss RNA virus (flavivirus), is most rapidly spreading mosquito borne viral disease in the world [1] . It is a major cause of morbidity and mortality in Southeast Asia, including India [2] . Delhi recorded huge outbreaks of dengue fever (DF) during the years 1967, 1970, 1982, 1988, 1991, 1992, 1996, 2001-2003, 2006, 2008 and 2009 and still maintains high vulnerability for future outbreaks due to extensive breeding potential of Aedes aegypti mosquito [3] .
Severity of this disease ranges from undifferentiated acute febrile illness to DF or dengue hemorrhagic fever (DHF)/dengue shock syndrome (DSS), which are associated with variable plasma leak [4] . If early detection and management of DSS is delayed, the morbidity and mortality from prolonged shock is high. Therefore, there is a growing need to find out the factors that can predict the development of shock in DHF patients.
The present study was conducted to evaluate the various clinical and biochemical parameters at admission which could predict the development of shock in children with DHF.
Material and Methods
After approval by the Ethical Committee of the Hospital, case records of all patients 18 years of age admitted to the hospital in 2008 and 2009, who were IgM positive (by MAC Elisa, Pune) for dengue were reviewed, and only those diagnosed with DHF/ DSS were included in the study. The patients with underlying hematological diseases or other simultaneous infections were excluded. Medical records of these 483 DHF patients were analyzed in reference to shock for various clinical and biochemical parameters (Tables 1 and 2 ) at admission and filled in the predesigned proforma.
Case definition used for defining DHF and its grades of severity and management were as per World Health Organization (WHO) guidelines [5] .
Statistical analysis
Categorical data, expressed as frequency, were analyzed using Chi-square or Fisher's exact test. Continuous data, expressed as mean AE SD, or median (range), were analyzed using student's t-test or Mann-Whitney U test. Risk factors of DSS were determined by univariate and multivariate logistic regressions. The results were presented as unadjusted odds ratio (OR), adjusted OR, with 95% confidence interval (CI). SPSS 11.0 statistical software was used for data analysis.
Results
Most of the cases occurred in post-monsoon months of September and October (Figure 1) . The study population mainly belonged to Delhi 380 (80%) and national capital territory region 62 (13%) of the state (Figure 2 ). Of the 483 children, 405 (84%) were categorized in DHF group (grade I, 282 children; grade II, 123 children) and 78 (16%) in DSS group (grade III, 59 children; grade IV, 19 children). The mean age of the patients was 11.60 AE 4.6 years (12.29 AE 3.9 years in DSS group and 11.47 AE 4.7 years in DHF group). Fifty three patients (11%) were 5 years of age and 430 patients (89%) were >5 years of age. Female to male ratio was 1 : 2.1 ( Table 1) .
Most of the patients presented with fever (Table 1) . It was present in 479 (99.2%) patients, of which 76 (97.4%) belonged to the DSS group and 403 (99.5%) to DHF group (Table 1) . Median (range) of fever duration was 5 (0, 20) and 5 (0, 30) in the DSS and DHF groups, respectively. Median (range) platelet count was 50 000 (5, 400) in the study group-60 000 (5, 180) in the DSS group and 49 000 (7, 40) in the DHF group. Mean hematocrit in the DSS and DHF groups were 39.8 AE 8.1 and 39 AE 8.7, respectively. Median WBC count in the DSS and DHF groups were 6000 (1600, 26 000) and 6400 (200, 45 700), respectively. Median SGOT and SGPT levels were 219 (20, 5880) and 105.5 (10, 1346) (Table 1) . Various clinical and biochemical parameters studied were analyzed using univariate and multivariate logistic regression between the two groups ( Table 2 ). It was observed that patients >5 years of age were more predisposed to shock than children 5 years of age (OR 3.5, 95% CI 1.06-11.59, p ¼ 0.038).
Similarly spontaneous bleeding (OR 1.9, 95% CI 1.17-3.13, p ¼ 0.009), hepatomegaly (OR 1.7, 95% CI 1.03-2.77, p ¼ 0.037), pleural effusion (OR 1.9, 95% CI 1.06-3.27, p ¼ 0.031), ascites (OR 1.8, 95% CI 1.01-3.06, p ¼ 0.046) and leucopenia (WBC < 4000) (OR 0.4, 95% CI 0.19-0.97, p ¼ 0.042) at admission were found to be significantly associated with DSS. No significant difference was noted among the groups with reference to sex, presence or absence of fever, fever duration, platelet count <20 000, hematocrit > 40, SGOT > 150 IU and SGPT > 150 IU and alkaline phosphates level > 130 IU, as well as rash, hyponatremia and hypokalemia at the time of admission.
Discussion
Dengue has variable clinical presentations ranging from undifferentiated acute febrile illness to severe DHF or DSS, often with unpredictable clinical evolution and outcome [1] . Fever, vomiting, abdominal pain, bleeding tendencies, erythematous rash, hepatomegaly, thrombocytopenia, elevated liver enzymes and deranged coagulation parameters have been reported as predominant clinical and laboratory features in cases of DHF [6] . This study is the single largest study with reference to number of pediatric patients involved in the Indian subcontinent to predict the various risk factors associated with shock among the DHF patients at admission.
In the last two decades, there has been progressive shift in age group involved towards higher side [7, 8] . The mean age of children with DSS and DHF were 12.2 and 11.4 years respectively in the present study. We found that children >5 years of age are at higher risk to develop DSS, as was reported by Wichmann et al. [9] and Pham et al. [10] . However, Hammond et al. [11] and Shah et al. [6] have shown the predisposition of younger age for shock in DHF.
Thrombocytopenia is not a specific marker, for severity of disease in the acute febrile phase of dengue illness and neither is predictor for development of shock [6, 12] . Significant association of platelet count <10 000, <50 000 and 75 000 mm been 2, 10, 11] . We could not find similar association of shock with platelet count <20 000 mm 3 (p ¼ 0.519) in this study.
The earliest hematological abnormality is a progressive decline in total WBC count in patients of dengue [1] . A leucopenia of WBC < 5000 mm À3 has been suggested by Kalayanarooj et al. [13] to predict the onset of DHF. The WBC count < 4000 mm À3 was significantly associated with DSS in this study as reported by Chacko et al. [2] .
There is subsequent loss of plasma volume as result of capillary leak in patients of DHF [1] . Those with features of ascitis (p ¼ 0.046) and pleural effusion (p ¼ 0.031) at admission, suggesting capillary leak, were found to be significant predictors of shock in this study, as reported by Chacko et al. [2] . The degree of plasma leakage varies among patients of DHF and increase in hematocrit above the baseline often reflects the severity of plasma leakage [1] , and one would expect the hematocrit to rise in DHF/ DSS, as was illustrated in some studies [14-15, 2, 10] . Gomber et al. [16] proposed the cut-off hematocrit value of 36.3% as diagnostic of DHF in Indian children. However, hematocrit levels >40 did not find significant correlation with shock (p ¼ 0.199) in the present study when compared with DHF patients without shock.
Mild hemorrhagic manifestations like petechiae and mucosal membrane bleeding are commonly seen in DHF [17, 18] . Severe bleeding/internal hemorrhage consists of malena, hematemesis, hematuria and/or menorrhagia [18] . Melena constituted the most common form of internal bleed in our study and also in the study by Shah et al. [6] . Hematemesis was reported as the most common manifestation in the studies by Aggrawal et al. [19] and Narayanan et al. [14] , whereas epistaxis was most common in the study by Faridi et al. [20] . Nicargua study [11] reported that frequency of internal hemorrhage increased with increase in age of the patients. Spontaneous bleeding manifestations were significantly associated with DSS in our study (p ¼ 0.009), as reported by others too [1, 2] .
An erythematous/macular papular rash may appear in the acute febrile phase along with other constitutional symptoms [21] . When presence of rash was analyzed with reference to shock in patients of DHF no significance could be found (p ¼ 0.208).
Tender hepatomegaly is a common finding in patients of dengue, during acute febrile illness [17] . We found significant correlation to the presence of hepatomegaly in the DSS group as was found in other studies [15] . Acute liver injury is a severe complicating factor in dengue, predisposing to life-threatening complications like internal hemorrhages, disseminated intravascular coagulation (DIC) and encephalopathy [22] . Though there is usual rise in the serum liver enzymes [14, 23, 24] with dengue infection, but whether they predict the risk of DSS in patients with DHF could not be stated with certainty as many studies refute [6] and support [25, 26, 2] the same. Also, what levels of SGPT or SGOT predict the worst outcome is also conflicting as Parkash et al. [22] have taken SGPT level of 300 as a measure of worst outcome in dengue patients, whereas latest WHO guidelines [1] have taken SGPT/SGOT value !1000 as one of the feature of severe dengue. There was neither a significant correlation with elevated liver enzymes (AST/ALT > 150) to three times the normal in either of the two groups, nor was there any significant association of elevated levels of alkaline phosphatase (>130) with shock in the present study.
Significant association of hyponatremia (<135 meq l À1 ) or hypokalemia (<3.5 meq l À1 ) could not be found in the present study, although hyponatremia (<130 meq l
À1
) was found to be significant in the study by Chacko et al. [2] .
Earlier, WHO classification [5] used systolic blood pressure, evidence of capillary leak (pleural effusion, ascitis), hematocrit concentration and evidence of spontaneous bleed to classify the grades and severity of DHF. However, the present study and some of the earlier studies did not find significant association of thrombocytopenia, hematocrit levels and elevated liver enzymes with shock in patients of DHF. This would again justify the reclassification of dengue by WHO as dengue with or without warning signs and severe dengue as apt [1] .
Conclusion
Thus to conclude, our study shows that children above >5 years of age, presence of leucopenia (<4000 mm À3 ), hepatomegaly, ascitis, pleural effusion and spontaneous bleeding manifestations in patients of DHF, carry a high risk of developing shock. Hence, these features may be taken as warning signals and such patients should be monitored closely.
